The logistics industry is likened to be the "catalyst" of economic growth. It is one of China's top ten key revitalization and adjustment industries, and port logistics is the main force to promote regional logistics and regional economic development. This paper, which is based on the niche theory and its corresponding measurement method, establishes the niche evaluation indicator dimension of the development competitiveness of port logistics in the Yangtze river delta. In this paper, the niche width model, niche overlap model, niche suitability and evolutionary momentum model were used to conduct an empirical study on the development competitiveness of nine typical ports in the Yangtze river delta region from 2013 to 2017. Finally, according to the expansion of ecological niche, the separation of ecological niche and the symbiosis of ecological niche, the paper put forward the suggestions for the sustainable development of port logistics in the Yangtze river delta region.
Introduction
At present, economic globalization, trade liberalization and transportation integration have enabled the rapid development of port logistics. Recently, the publication and issuance of the three-year action plan for the integrated development of the Yangtze river delta region (2018-2020) mark that the integration of the Yangtze river delta region has stepped up to a new level. With the gradual deepening of economic integration in the Yangtze river delta, the stakeholders need mutually beneficial cooperation and seek breakthroughs in cooperation.
However, at present, the coordination degree of port logistics in the Yangtze river delta region is not high, and the regional differences are large. The development of port logistics in the whole Yangtze river delta region is not balanced, and the port logistics layout and the network infrastructure lack of coordination, which seriously restricts the development process of port logistics in the region and the realization of the strategic goal of docking the international logistics system. Therefore, it is of great practical significance to study the competitiveness of port logistics for the healthy development of port logistics. The development level of port logistics is not only related to the regional economic development, but also affects the competitiveness of regional logistics. Therefore, it is particularly important to evaluate the logistics competitiveness of Yangtze river delta ports. It is directly related to the future development space of Yangtze river delta ports and the construction of a world-class urban agglomeration in the Yangtze river delta.
The concept of Niche originates from biology. Grinnell (1917) first proposed the concept of Niche, which is "the last distribution unit occupied by exactly one species or subspecies" [1] . Later, Hutchinson (1957) , from the perspective of space and resource allocation, believed that the survival of organisms depended on a variety of factors, and organisms needed to survive and develop under the support of factors suitable for their survival, which together constituted the ecological niche of the organisms [2] . Whittaker (1975) believed that ecological niche is the specific status, behavior and relationship of species in their living environment. Niche overlap is an important content of niche theory. Niche overlap refers to the similarity of species in development, so they will compete [3] . With the consolidation of the theoretical basis of evolutionary ecology in species, population, industrial population and other fields, the quantifiable and measurable ecological niche began to be paid attention to. Dimmick (1993) proposed that the viability of the population in the face of competition could be determined by niche analysis, i.e. niche suitability, width, overlap and dominance [4] . Odling-Smee et al. (2013) pointed out that, due to the biological characteristics and other adaptive characteristics formed by environmental changes and niche construction, the driving force of co-evolution of organisms depends on the feedback effect of natural selection in the environment that can be changed by niche construction [5] .
In China, Jin Hanxin et al. (2008) first introduced niche theory into the study of port development [6] . At present, the research on solving port clustering using the niche theory is mainly focused on qualitative analysis of port competition, cooperation strategy and evaluation of port logistics capability by niche theory.
In this paper, the port logistics industry in the Yangtze river delta region is regarded as a logistics ecosystem, and each port is regarded as the ecological element of the logistics ecosystem. On the basis of referring to previous studies, Journal of Transportation Technologies the competitiveness of port logistics is evaluated by using niche theory and relevant calculation model.
Niche theory of Port Logistics

Niche Width
The niche width of port logistics refers to the actual range or potential capacity of port logistics to adapt to the environment and utilize resources. In this paper, it can be understood as the degree of each port's occupation of the same logistics resources. For example, the number of berths, 10,000-ton berths, etc. The wider the niche, the greater the degree of logistics resources occupied by the port, the better the development environment, and the higher the efficiency of resource utilization. And vice versa.
Levins formula has been widely used in recent years because of its simple calculation and clear ecological significance. The calculation formula of niche width is as follows:
In Formula (1), A i is the niche breadth of i port logistics; P ij is the utilization rate of i-th port to logistics resource j, and M is the total amount of logistics resources owned by the nine Yangtze river delta ports.
Niche Differentiation Degree
The niche diversity refers to the difference in niche breadth between ports, and reflects the separation between ports within the Yangtze River Delta as a whole.
The higher the degree of differentiation, the more obvious the niche separation trend, and the less intense the competition; vice versa. Its calculation formula is as follows:
In Formula (2): A i is the logistics niche width value of the i-th port; The denominator is the average logistics niche width of each port; n is the number of ports.
Niche Overlap
Niche overlap refers to the phenomenon that two or more species with similar niches share or compete for common resources when living in the same space.
Two species with overlapping ecological niches cannot coexist for a long time due to the principle of competitive exclusion, unless the space and resources are abundant, which are usually limited [7] . 
Among them, C ij represents the niche overlap indicator between ports i and j; P ik and P jk represent the values of the i or j port in the resource k category ( k l ∈ ).
Niche's "Condition" and "Potential"
Zhu chunquan (1997) believed that ecological niche was "the relative status and role of biological units formed in the process of interaction between biological units and the environment in a specific ecosystem" [8] . Ecological niche includes two aspects: one is the condition of the biological unit, namely its current situation (energy, biomass, resource occupancy, adaptability, etc.); The other is the potential of biological units to reflect their realistic influence or dominance over the environment, and to reflect the potential development trend. The synthesis of "condition" and "potential" reflects the relative status and role of specific biological units in the ecosystem [8] . After the data and weight are determined, the "state" and "potential" of the ecological niche are calculated as follows:
( ) 
Niche Suitability and Evolutionary Momentum
Niche suitability of port logistics refers to the degree of closeness between the realistic niche and the most suitable niche for the development of port logistics industry. Evolutionary momentum characterizes the intensity of the effect of realistic niche of port logistics on the trend of its optimal niche. The higher the niche suitability of the port is, the better the logistics development of the port will be. The larger the evolutionary momentum, the greater the gap between the actual ecological niche and the optimal ecological niche of the port, and the larger the improvement space of the port. In the niche suitability evaluation of logistics industry, a mathematical measurement model of niche suitability was built according to the evaluation indicator system:
In the formula, F i represents the niche suitability value of the i-th port logistics, j ω represents the weight of each ecological situation factor, ij x′ represents the realistic ecological niche of each port logistics, x aj is the optimal ecological niche of each port logistics, and α (0 ≤ α ≤ 1) is the model parameter.
Among them, the optimal ecological niche of life situation factor is:
where j x α represents the best niche of the j-th ecological potential factor and ij x′ represents the realistic niche of the i-th port group ecological potential factor j.
Determine Model Parameter and Evolutionary Momentum
is the model parameter, and the calculation process is as follows
where, ij ϕ represents the difference between the actual logistics ecological niche of the port and the most appropriate logistics ecological niche, and ij ϕ represents the mean value of these differences.
Evolutionary Momentum
Evolutionary momentum characterizes the intensity of the effect of realistic niche of port logistics on the trend of its optimal niche. The calculation formula is as follows:
i G represents the evolutionary momentum of port i, m is the total amount of logistics resources owned by the each port. The larger the evolutionary momentum, the greater the gap between the actual ecological niche and the optimal ecological niche of the port, and the larger the improvement space of the port.
Data Source and Indicator Selection
Data Source and Processing
According to the ports with the highest cargo throughput and container throughput in China port yearbook 2018, and based on the availability of each indicator, nine major ports in the Yangtze river delta region were selected for Journal of Transportation Technologies Data should be standardized prior to analysis. In this paper, multiple indicators are involved in different orders of magnitude. First, the data are standardized. Considering the principle of invariance of the relative difference of the internal data of the same indicator and the principle of constancy of the total quantity, this paper adopts the specific gravity method to eliminate the standardized value affected by dimension and order of magnitude [10] .
Indicator Selection and Weight Determination
This paper follows the principles of science, system, and availability in the selection of indicators. Based on the research at home and abroad, the Yangtze River Delta Port Logistics is constructed from the three dimensions of resource dimension niche, economic dimension niche, and technology dimension niche. The evaluation dimension of competitiveness is to study the logistics competitiveness of nine ports in the 2013-2017 Yangtze River Delta region.
Determining the weight of the indicator can reflect the relative importance and status of the indicator in the system evaluation system. In this paper, the entropy method is used to calculate the weight of each evaluation indicator [11] . The entropy method is used to determine the attribute weight and reflect the dispersion degree of the attribute value by using the decision matrix, so as to reduce the influence of the extreme value on the comprehensive evaluation, and then comprehensively evaluate and analyze the advantages and disadvantages of the object. The results are shown in Table 1 .
Empirical Analysis of Logistics Niche Measurement of Yangtze River Delta Ports
Port Logistics Niche Breadth and Differentiation Measure
Niche Width
The wider the niche, the more likely it is to be a generalized species. If the resources themselves are not sufficiently secure, then as a competitor, generalized species will prevail over specialized species. On the other hand, specialized species occupy very narrow ecological niches and have special adaptive ability to utilize certain resources. When resources can ensure supply and regeneration, the competitive ability of specialized species will exceed that of generalized species [12] . According to the status and function of the population in the community, it can be divided into four types, namely dominant species, subdominant species, Auxiliary species and rare species [13] . In this paper, the size of niche width value of logistics in Yangtze river delta ports from 2013 to 2017 was calculated, and K-means clustering analysis was conducted using SPSS.20. The results are shown in Table 2 . Journal of Transportation Technologies As can be seen from Table 2 , the total niche width of logistics of dominant species (Shanghai port, Ningbo-Zhoushan port) is the widest, and its competitiveness in logistics resources is far greater than that of other ports. It indicates that the two ports are able to adapt to the living environment of the region well, and the niche widths of the two ports are relatively close, so there is great competitive pressure between them.
The sub-dominant species (Suzhou Port, Nanjing Port) have a slightly lower total logistics niche than the dominant species, but the difference in niche width between the two ports is relatively large, indicating that the competitiveness between the two ports is relatively low.
The logistics competitiveness of the auxiliary species (huzhou port, nantong port, taizhou port and zhenjiang port) is relatively weak. Rare species (lianyungang) have the smallest niche width, port logistics development occupies less resources than other ports, and is at a disadvantage in survival and development. It is mainly caused by the fact that the port is furthest away from the Yangtze river and the lack of resources investment, economy and technological innovation.
The calculation results of the total niche width were input into ArcGIS10 software, Jenks optimal breaking point method [14] was used for cluster visualization, and finally the niche width type map of Yangtze river delta port was formed, as shown in Figure 1 .
It can be seen from Figure 1 On the one hand, the reasons for this phenomenon are related to regional location and government policy preferences. Moreover, the cities have different emphasis on port logistics development. Due to their special policy advantages, Shanghai port and Ningbo-Zhoushan Port are better in terms of logistics personnel, technology and infrastructure than other ports, with a higher level of logistics development，which means that the logistics resources are sufficient and the logistics competitiveness is also high. On the other hand, the economic development level of the hinterland plays a role. The higher the economic development level is, the more supportive the logistics development will be. The economic development will provide guarantee for the infrastructure and development funds of the logistics industry, and at the same time, it can attract more logistics talents and resources.
Niche Differentiation
The differentiation degree of logistics niche in Yangtze river delta ports is shown in Figure 2 . From 2013 to 2014, it showed a slow rising trend. This indicates that the difference in logistics development among the ports in the Yangtze river delta expanded from 2013 to 2014. The reason for this phenomenon may be that the niche expansion of Shanghai port and zhenjiang port was slightly higher than the contraction of nantong port and huzhou port, thus increasing the overall internal difference.
At the same time, the generalization of niche widths of Shanghai port and Zhenjiang port and the specialization of niche widths of Nantong port and Huzhou port increase the degree of niche separation of the whole port industry.
However, after 2014, the differentiation degree among ports in the Yangtze river delta is relatively high and gradually tends to be stable, indicating that the trend of logistics niche separation among ports is becoming more and more obvious, while the degree of competition is becoming less and less intense. 
Niche Overlap Measure
Niche overlapping theory holds that competition not only depends on the occupation of factor resources, but also depends on the niche width and the degree of resource differentiation among competing subjects. Fierce competition only occurs when niche width is small and differentiation degree of factor resources is not obvious. In the case of wide niche width, they can coexist even if the differentiation of factor resources is not obvious and there is some overlap between ecological elements. According to Formula (3), the results are shown in Table 3 .
As can be seen from Table 3 , as the dominant species, Ningbo-Zhoushan port and Shanghai port have a high overlapping value with other ports, such as shanghai-Nanjing port and Ningbo-Zhoushan port and Nanjing port, respectively reaching 0.7370 and 0.8071 (The closer the value get to 1, the higher the resource overlap between the two ports will be, and the higher the competitiveness will be.). However, due to the large niche width of dominant species (Ningbo-Zhoushan port, Shanghai port) and subdominant species (Nanjing port), the actual competition between the two ports for Nanjing port is not so fierce; As a subdominant species, Suzhou port and Nanjing port have a high degree of overlap with each other, and both have a high degree of overlap with the neighboring ports in Jiangsu province. For example, the overlap degree between Nanjing port and Zhenjiang port reaches 0.8972, and the niche width of Zhenjiang port is much lower than that of Nanjing port, indicating that Nanjing port has strong competitive pressure on Zhenjiang port. The overlapping degree of the auxiliary species with the dominant species ports of Nantong port, Taizhou port, Zhenjiang port and Huzhou port is mostly at a low level, which also shows that they are auxiliary with the dominant species. As a rare species, Lianyungang has a large degree of overlap with other ports (except Huzhou port), and the niche width of Lianyungang is the lowest, showing a relatively obvious niche overlap, indicating that Lianyungang has a relatively fierce competition with other ports. 
Ecological Niche "Condition" and "Potential"
According to the calculation results of "condition" and "potential", the scatter diagram illustrated by Figure 3 can be drawn. The X-axis represents the "condition" of port ecological niche, and the Y-axis represents the "potential" of port ecological niche. The diagram is centered on (0.65, 0.25) in order to spread all the ports over four regions to analyze the difference between "condition" and "potential" of the ports ecological niches.
1) In the first quadrant, the "condition" and "potential" of ecological niche are very high. These ports have a good industrial foundation and a strong development trend, and their comprehensive competitiveness is very strong. However, the nine major Yangtze river delta ports studied in this paper are not in the first quadrant.
2) In the second quadrant-Huzhou port, Taizhou port and Nantong port.
They are in the lowest state of their ecological niche, but in the highest quadrant of their potential. The former indicates that the port has a large market opportunity and a good prospect, while the latter indicates that these ports have problems in the development and utilization of resources. Although it does not have a strong economic and resource base, it has a strong growth trend and may become a sunrise industry. 3) In the third quadrant-Zhenjiang port, Lianyungang port and Nanjing port. The "condition" and "potential" of the ecological niche are at the lowest level, indicating that these ports have neither a good industrial base nor a declining trend. Businesses with extremely low market share should be eliminated immediately and their dedicated resources should be transferred to other port operations. Finally, integrate port resources and actively cooperate with other ports. 4) In quadrant 4-Shanghai port, Ningbo-Zhoushan port. It has the highest "condition", but its "potential" is low, indicating that these two ports have sufficient logistics resources and capital base, especially Shanghai port. However, the current development trend is not good and bottlenecks in the development may exist. However, port enterprises do not have to invest a lot to expand the market scale. At the same time, as the market leader, the port enjoys the advantages of scale economy and high marginal profit. Therefore, strengthening the cooperation and coordination of Yangtze river delta ports will bring a lot of financial resources to the port enterprises in the future.
Niche Suitability and Evolutionary Momentum
It can be seen from Table 4 
0.3925
Ningbo-Zhoushan port 0.5416 (2) 0.3830
0.2476 (4) 0.5401 (2) 0.3612 (8) present, there is no need to invest too much (which means that the current investment situation should be maintained, and there is no need to increase investment) just strengthen cooperation with surrounding ports and focus on its own business. The suitability of each dimension of other ports is lower than that of the dominant species ports, which are relatively balanced, indicating that these port logistics development prospects are relatively large, and the integration and rational utilization of port resources should be strengthened. The economic dimension of Suzhou port is the most suitable, but the corresponding resource and technology dimension is not. This shows that the hinterland of Suzhou port has a good economic development, but the logistics scale, infrastructure and technological innovation are not strong enough. However, the Nantong port has the lowest figures for all the dimensions. As a sub-dominant species, its port ecological niche is relatively wide, which may be caused by the fact that Nantong port has not given full play to its resource advantage.
From the result of ranking of comprehensive ecological suitability degree, Shanghai port takes the first place, which indicates that it plays a dominant role in the whole port logistics and plays a key role in the dominant population; Nantong port is at the bottom of the list as it has a relatively low position in the logistics field of ports in the Yangtze river delta. The port is quite deficient in the development of resources, economy and technology and fails to make full use of its own resources; The comprehensive ecological suitability of the remaining ports is close to the ecological suitability of each dimension. The logistics niche of most of the auxiliary species and the rare port is relatively low, indicating that the allocation and positioning of resources, economy and technology are not optimal, resulting in weaker logistics services and leading functions for other ports. Low, and thus become an important bottleneck to inhibit the development of port logistics in the Yangtze River Delta region. In general, the dominant ports haven't played a leading role in the whole Yangtze river delta port logistics.
From the results of evolutionary momentum, the ports ranking higher than the suitability are Lianyungang, Nantong, Zhenjiang and Nanjing ports, indicating that they can achieve a higher suitability level through resource integration. In order to better expand the port logistics ecological niche at the bottom of the list and improve the development level of port logistics, it is necessary for ports with higher ecological niche to play its pulling and radiating role, this requires cooperation from the ports' hinterland governments and introduce relevant policies to support it. so as to establish a good ecosystem of Yangtze river delta port logistics cluster and thus promote the sustainable development of Yangtze river delta port logistics.
Conclusions
This paper uses the concepts of niche breadth, niche overlap, niche suitability and evolutionary momentum to empirically analyze the logistics competitiveness of nine ports in the Yangtze River Delta region. The following conclusions are drawn: Journal of Transportation Technologies 1) The port logistics niche of the Yangtze River Delta is centered on Shanghai Port and Ningbo-Zhoushan Port, and gradually decreases toward the two branches of Suzhou Port and Nantong Port. The dominant species (Shanghai Port, Ningbo-Zhoushan Port) has the highest logistics niche breadth and the strongest possession of logistics resources. Rare (Lianyungang) has the lowest logistics niche breadth and the logistics development environment needs to be improved. Since 2014, the separation trend of logistics niche between the nine ports in the Yangtze River Delta region has become more and more obvious, and the intensity of competition is getting lower and lower.
2) At present, the logistics competition among ports in the Yangtze river delta region still exists, mainly because the dominant ports (Shanghai port, Ningbo-Zhoushan port) still have strong competitiveness in logistics resources and economy for other ports.
3) The dominant species played a leading role in the Yangtze River Delta port, but did not fully play a leading role. The evolutionary momentum of the auxiliary species port and the rare port is ranked high, and the comprehensive niche suitability ranks backward, and there is still much room for improvement.
Suggestions
Further development strategies to improve port logistics in the Yangtze river delta region using niche expansion, niche separation and niche symbiosis can be imagined:
Niche Expansion Strategy
The niche expansion of port logistics includes two aspects. The first is to expand the scope of port logistics resources; the second is to improve the efficiency of logistics resources to prevent the waste of logistics resources. The logistics development level of Shanghai port and Ningbo-Zhoushan port is relatively high, with strong possession of logistics resources and very good infrastructures compared with other regions. However, in the later stage, new infrastructures should be conceived to enhance the ecological niche of the logistic development dimension. The niche width of Nanjing port is very large, but the current development situation is in a low state. Therefore, the rational use of their existing port logistics resources should be encouraged. For ports with weak logistics development, such as Lianyungang and Zhenjiang port, etc. They should strengthen the construction of their own infrastructure and learn from the experience of logistics development of dominant ports and sub-dominant ports, so as to form a pattern that takes Shanghai port, and Ningbo-Zhoushan port as the center to drive the development of the surrounding ports. Finally, improve the utilization efficiency of logistics resources.
Niche Separation Strategy
The strategy of niche separation should be adopted for auxiliary and rare species
